The "GyrA-box" is required for the ability of DNA gyrase to wrap DNA and catalyze the supercoiling reaction.
DNA gyrase is the only topoisomerase that can introduce negative supercoils into DNA. It is thought that the binding of conventional type II topoisomerases, including topoisomerase IV, to DNA takes place at the catalytic domain across the DNA gate, whereas DNA gyrase binds to DNA not only at the amino-terminal catalytic domain but also at the carboxyl-terminal domain (CTD) of the GyrA subunit. The binding of the GyrA CTD to DNA allows gyrase to wrap DNA around itself and catalyze the supercoiling reaction. Recent structural studies, however, have revealed striking similarities between the GyrA CTD and the ParC CTD, as well as the ability of the ParC CTD to bind and bend DNA. Thus, the molecular basis of gyrase-mediated wrapping of DNA needs to be reexamined. Here, we have conducted a mutational analysis to determine the role of the "GyrA-box," a 7-amino acid-long motif unique to the GyrA CTD, in determining the DNA binding mode of gyrase. Either a deletion of the entire GyrA-box or substitution of the GyrA-box with 7 Ala residues abolishes the ability of gyrase to wrap DNA around itself and catalyze the supercoiling reaction. However, these mutations do not affect the relaxation and decatenation activities of gyrase. Thus, the presence of a GyrA-box allows gyrase to wrap DNA and catalyze the supercoiling reaction. The consequence of the loss of the GyrA-box during evolution of bacterial type II topoisomerases is discussed.